Quantitative Analysis of Camptothecin Derivatives in Nothapodytes foetida

Results and Discussion
Since camptothecins are highly insoluble in organic solvents, DMSO-d 6 was used as the NMR solvent to ensure all the extract can be dissolved. The proton NMR spectra of 1 and 2 are well documented in DMSO-d 6 (Fig. 2) . The analysis of the NMR spectra of 1 and 2 revealed that the proton H-7 of 1 and 2, resonating in a no crowded region of the spectra as a singlet, could be used for quantification. However, in the total extract's NMR spectra, H-7 signals of 1 and 2 interfere with the other constituent, trigonelline, one of the major constituents of N. foetida. Accounting to the NMR spectra of total extracts, the suitable target signals can be selected. The H-7 of 1 and H-10 of 2, resonating in a non-interfered region of the spectra and were selected as target signals for quantification. In addition, the signals of H-19 for pumilisode (3) and H-2 for trigonelline (4) were selected as target signals for analysis.
A suitable internal standard should be preferably a stable compound with a sharp signal in a non crowded region of the 1 H-NMR spectrum. For the purpose, 3,4,5-trimethoxybenzylaldehyde, with a singlet at d 9.85 and the integral value maintaining constant within 12 h, has been chosen. The 1 H-NMR spectra obtained for 0.5 g of the four parts of samples of N. foetida extracted by MeOH are shown in Fig. 3 . In the case of 1 H-NMR quantitative analysis, calibration curves are not needed for quantification of the compounds because integration of the peaks is always proportional to the amount of the compound and the same for all compounds in 1 H-NMR. However, calibration curves for each compound were determined in the range 0.1-8.0 mg/ml in order to check the accuracy of this method. The linearity for each target compound was found to be higher than 0.999. The accuracy of the method was also checked by adding a known amount of reference compound (3.0 mg) to extract samples. The peak areas corresponding to each target constituent were found to increase proportionally with the added concentration of the standard. The results of the recovery tests were shown in Table 1 . The concentrations of these target compounds in the root, stems and leaves of N. foetida determined by this 1 H-NMR method were shown in Table 2 . The root of N. foetida was found to be a rich source of 1-4. Different diameters of stems contain similar amount of 1 and 2, but 4 was rich in stem batch 2 (i.d. ca. 0.5 cm). The leaves contain trace amounts of camptothecins 1-3.
An HPLC method was used to confirm the analysis results obtained by 1 H-NMR method. Figure 4 showed the HPLC chromatogram of the plant material extracts at UV 254 nm. The target compounds 1-4 were eluted at retention time 21.6, 22.8, 17.3 and 2.6 min, respectively. The 1,3,5-trimethoxybenzene was used as an internal standard (retention timeϭ26.2 min) and the calibration curves for each compound using the ratio of peak areas of the reference compound and the internal standard were prepared. The linearity of 1-4 were found to be larger than 0.999. The concentrations of these target compounds in N. foetida were summarized in Table 2 which showed similar results (relative error values Ͻ3%) as with the 1 H-NMR method. The NMR method is simple and rapid, specific, no reference compounds are needed, and an overall profile of the preparation can be obtained directly. Using this method the contents of camptothecin alkaloids can be determined in much shorter time than the conventional HPLC measurements. In conclusion, the described 1 H-NMR method is a rapid and simple method for the identification and quantification of camptothecin, 9-methoxycamptothecin, pumiloside and trigonelline in N. foetida plant materials or cell suspension cultures. Trigonelline (4) 
